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Abstract 

Background: Hyperglycemia and hypocalcaemia have separately been attributed to adverse outcomes in critically 
ill patients. The study was aim determine whether hyperglycemia and hypocalcaemia together post-operative effect 
of thyroidectomy and evaluate the gender & age impact on the extend of clinical condition. 

Methods: All the patients underwent thyroidectomy in the duration of 1^^ Jan 2012 till 30^^ June, 2013 in HPP and 
HUSM Kelantan, Malaysia. Serum evaluation has been made on 4 consecutive reading with duration of 6 hours. The 
predictive trend has been established to identify the hypokalemic and hyperglycemic condition. Ethical approvals & 
Patients' consent forms have been made prior to conduct this study. 

Results: The incidence of hyperglycemia [> 150 mg/dl(8.3 mmol/L)] and hypocalcaemia (serum calcium < 8.5 mg/dl 
(2.2 mmol/L)] were 39.4% and 43.9% respectively. Hyperglycemia and hypocalcaemia associated with age and length 
of stay, significant association has been found among pre-operative diagnosis as well. The interaction of hyperglycemia 
and hypocalcaemia did not separate effects on mortality. 

Conclusion: As demonstrated, the prevalence of hyperglycemia and hypocalcaemia in post-thyroidectomy patients is 
considerable high. Also, the linear association pattern has been shown. However, considering the disease severity, the 
association of hyperglycemia and hypocalcaemia with surgical ward indicators of morbidity could not be verified. 
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Introduction 

Total thyroidectomy, similar to hemithyroidectomy, is 
followed by a significant reduction in the plasmatic 
concentration of PTH [1]. It is associated with a parallel 
reduction in calcium levels, evident but transitory in a 
quarter of patients following surgery and permanent in 
1% of patients [2]. The frequency of this phenomenon, 
which can occur during the successive hours after 
surgery, has recently been the subject of many research 
programmes, examining the definition of an algorithm 
that identifies patients with a high risk of postoperative 
hypocalcaemia [3]. 

In the modern climate of increasing cost awareness, 
thyroid surgery has been considered for a 1 day-surgery 
regime with limiting factors for early discharge being 
postoperative bleeding (1-2%), bilateral recurrent laryn- 
geal nerve palsy and symptomatic hypocalcaemia [4,5]. 
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Postoperative hypocalcaemia after total thyroidectomy is 
a serious concern because it is the most frequent com- 
plication after thyroid surgery [6-8]. It is usually evident 
in the first 24 hours. 

A reliable method that could accurately identify pa- 
tients who are at high risk for hypocalcaemia may assist 
in the selection of patients suitable for early discharge 
[3]. The aim of the present work is to evaluate the risk 
of hypocalcaemia following thyroid surgery and to deter- 
mine whether early serial postoperative serum calcium 
levels after total thyroidectomy can be used to develop 
an algorithm identifying patients who are unlikely to 
develop significant hypocalcaemia and can be safely 
discharged within 24 hours after surgery. 

There is an open debate in scientific literature regard- 
ing the use of early parathyroid hormone (PTH) levels 
as a predictor of significant hypocalcaemia [9]. Similarly 
in the most recent studies, hyperglycemia and hypocal- 
caemia have separately been attributed to adverse out- 
comes including higher mortality and longer length of 
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hospitalization in critically ill patients [4-11]. However, 
such studies suffer from some shortcomings. First, most 
of them have been conducted on critically ill adult pa- 
tients and secondly, most authors have evaluating their 
interactions with mortality and length of stay (LOS). 

The objective of this study was to determine whether 
hyperglycemia and hypocalcaemia together post-operative 
effect of thyroidectomy and evaluate the gender & age 
impact on the extend of clinical condition. 

Material and methodology 

The settings for the study were Hospital pulau Pinang 
(HPP) and Hospital University Sains Malaysia (HUSM) 
Kelantan, both are tertiary care hospitals. All the pa- 
tients' undergone surgery of thyroidectomy was eligible 
to be included in the study. Duration of the study was 
from 1'^ Jan 2012 till 30^^ June 2013. Ethical clearance has 
been made according from the Centre of Research Com- 
mittee (CRC) and Ministry of Health (NIH-MREC). Prior 
to study patients' consent forms have been obtained. 

The independent variables were initial blood sugar 
(RBS) and serum calcium (Ca) within the first 6 hours of 
surgery. Serum calcium and BS (RBS) measurements at 
6, 12, 18 and 24 hours postoperatively were evaluated 
for each patient. A calcium level of 8.3 mg/dL was con- 
sidered as a threshold value of hypocalcaemia, defining 
the following: a "negative trend" when the straight half- 
way line of the 3 values had a decreasing tendency, a 
"positive trend" when the straight halfway line of the 3 
values had an increasing rise and a "doubt trend" when 
there was a decrease arriving near but over the threshold 
value of hypocalcaemia (Figure 1). Hypocalcaemia was de- 
fined as experiencing signs or symptoms of hypocalcaemia 



perioral and digital paresthesias (Chvosteks sign and 
Trousseaus sign) and/or having a serum calcium level 
that was lower than8.2 mg/dL. Patients were placed in a 
treatment algorithm based on the level of serum calcium 
and on the signs or symptoms of hypocalcaemia (calcium 
gluconatel-2 g/day and calcitrol 50-100 (ig/day [10,11]. 
Similarly patients were classified into two groups based on 
their blood sugar levels. Group 1 (Controlled) with RBS < 
150 mg/dl (8.3 mmol/L) and group 2 (hyperglycemic) with 
RBS > 150 mg/dl (8.3 mmol/1) [12]. 

According to the change in the serum calcium level 
among the 4 measurements, a variant analysis was per- 
formed, using p-values in order to identify the possibility 
of reducing the number of measurements necessary 
to evaluate the risk of hypocalcaemia. The data were 
compared, using students T-test for continuous, normal 
distributed variables, and the Mann- Whitney test for 
non-normally distributed variables. Categorical variables 
were compared, using the chi-square or Fisher Exact test. 
Logistic regression analysis was used to analyze the inter- 
action of the two-variables. P value less than 0.05 was con- 
sidered as significant. Statistical analysis was performed 
using SPSS software (version 20® Chicago, IL, USA). 

Results and findings 

The study was comprised of 579 patients who had 
undergone surgery for various thyroid diseases (goiter, 
cancer, etc.). The mean age of the patients was 47 (range 
55-79), 388 of the patients were females and 191 were 
male (Table 1). 

Then Mean ± SD of LOS was 4.68 ± 4.93 days which 
ranged from 1 to 20 days. The initial RBS ranged from 
15 mg/dL (0.87 mmol/L) to 640 mg/dL (37.27 mmol/L) 
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Figure 1 Distribution of calcium levels according to dose and trend. 
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Table 1 Distribution of patients' undergone surgery 



N (%) 



Age (Mean ± SD) 


49 ±5.769 


Range 35-79 years 




Sex 




Male 


191 (33.0) 


Female 


388 (670.) 


Clinical diagnosis 




Cancer 


210 (36.3) 


Adenoma 


171 (29.5) 


Inflammatory 


62 (10.7) 


Goiter 


136 (23.5) 


Post-Operative 




Hypocalcaemia 


254 (43.9) 


Hyperglycemia 


228 (39.4) 



with mean ± SD of 144.63 ± 85.94 mg/dL. The incidence 
rate of hyperglycemia [i.e. RBS > 150 mg/dL (8.3 mmol/L)] 
was 39.4%. During inpatient stay in surgical ward, 
87.5% of the patients had their total serum calcium 
(Ca) checked with a range of 5.4-11.9 mg/dL (1.33- 
2.94 mmol/L) [8.72 ± 1.12 mg/dL (mean±SD)]. The 
incidence rate of hypocalcaemia [i.e. Ca < 8.5 mg/dL 
(2.12 mmol/L)] was 43.9%. Among the patients, Ca values 
significantly effect on the LOS (p =0.020 but no effect 
0.78 with RBS) (Table 2). While the mean age has a signifi- 
cant effect with RBS > 150 mg/dl. 

Hypocalcaemia was associated with 3.9 fold increase 
in the risk of hyperglycemia (95% confidence interval 
1.245-5.742, p = 0.001) (Table 3). 

Thyroid pathologies, gender did not show any signifi- 
cant correlation to the development of significant post- 
operative hypocalcaemia and hyperglycemia. From 579 
patients studied, 147 (25.4%) showed a positive trend. 



only 15 of these (10.3%) successively developed hypocal- 
caemia; from 249 patients with a negative trend 212 
(85.2%) developed hypocalcaemia and with a doubt 
trend only 27 (14.7%) of 183 patients (31.6%). As ex- 
pected, the incidence of hypocalcaemia was moderate 
for patients with a doubt trend and maximal in patients 
with a negative trend. On the other hand, the findings of 
a negative trend calcium level was a absolutely predictive 
for hypocalcaemia; in fact it developed in 212 patients 
(85.2%) (Figure 1). 

A positive slope predicted hypocalcaemia 10.3% and a 
negative slope predicted 85.2% of the time, 10% probabil- 
ity of remaining within normal calcium levels (Table 4). 
Patients were treated with oral calcium in the case of 
hypocalcaemia. At three months after surgery 97.08% of 
patients had normal serum calcium levels. This demon- 
strated that by solely relying on a positive or negative 
rise trend, there was still a significant risk of the develop- 
ment of hypocalcaemia. Similar pattern has been found 
with hyperglycemic predicting value. The findings sug- 
gested the parallel linear association between hypocalcae- 
mia and hyperglycemia. We did not find any statistically 
significant differences in the plasma calcium level and 
RBS between the samples taken at 18 and 24 hours after 
surgery (Table 4). 

Discussion 

Improvement in surgical technique has led to a relevant 
decrease in severe postoperative complications after thy- 
roid surgery and surgeons are considering whether one 
day hospital would be feasible after total thyroidectomy. 
In fact severe hypocalcaemia continues to represent a 
limiting factor for such a short stay in hospital. 

The present study demonstrated that hyperglycemia 
and hypocalcaemia are the post-operative clinical conse- 
quences of thyroidectomy. The effect substantially in- 
crease the length of stay, also predicting the negative 



Table 2 Blood sugar and Calcium levels among study population 




Calcium level 




P-value 


Random blood 


sugar 


P-value 


Normal 


Hypo 


Controlled 


Hyper 


Age (Mean ± SD) 


46±4.514 


47 ±4.41 2 


0.32* 


46 ±4.1 41 


50 ± 4.822 


0.02 r 


Sex 














Male 


105 (32.3) 


86 (33.9) 


0.89 


119 (33.9) 


72 (31.6) 




Female 


220 (67.7) 


168 (66.1) 




232 (66.1) 


156 (68.4) 


0.77 


Clinical diagnosis 














Cancer 


30 (9.2) 


180 (70.9) 




49 (14.0) 


161 (70.6) 




Adenoma 


137 (42.2) 


34 (13.4) 


0.01 


149 (42.4) 


22 (9.6) 




Inflammatory 


35 (10.8) 


27 (10.6) 




42 (12.0) 


20 (8.8) 


0.001 


Goiter 


123 (37.8) 


13(5.1) 




111 (31.6) 


25 (11.0) 




LOS (Mean ± SD) 


4.55 ±4.14 


6.82 ±5.87 


0.020* 


4.38 ±5.05 


4.98 ±5.72 


0.78* 



LOS, Length of Stay; *P vale from Student T-test, Chi-square for rest. 
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Table 3 Association and covariance of hypocalcaemia with hyperglycemia 


Blood sugar 


Normocalcemia 

< 8.5 mg/dl (2.2 mmol/l) 


Hypocalcaemia P- 
> 8.5 mg/dl (2.2 mmol/l) 


Total N 

(%) 


Controlled 


315 (96.6) 


36 (14.2) 




351 (60.6) 


<150 mg/dl (8.3 mmol/l) 






0.000* 




Hyperglycemia 


10 (3.1) 


218 (85.8) 




228 (39.4) 


>150 mg/dl (8.3 mmol/l) 










RR (95% CI) 


3.9(1.24 - 5.742) 




o.oor 




Odd ratio 


190.75 








95% CI 


92.7007 - 392.5058 




0.000* 




Z-Statistics 


14.263 








Total 


325 (56.1) 


254 (43.9) 




579 (100.0) 



* < 0.05. 



trend among these independent variables for initial as- 
sessment would be beneficial To the best of our know- 
ledge, there has been no reported study on this issue. 
Meanwhile, the results of the present study revealed 
that hyperglycemia and hypocalcaemia were signifi- 
cantly more prevalent among the pre-operative diag- 
nosis. These findings have revealed among critically ill 
surgical patients [13-15]. It has also been demonstrated that 
even moderate degree hyperglycemia [RBS > 110 mg/dl 
(6.11 mmol/L)] was associated with mortality in ICU [16]. 
Hirshberg and her colleagues also showed that hyper- 
glycemia and glucose variability are associated with in- 
creased prevalence of nosocomial infection in critically ill 
patients [17]. 

Although Klein and his colleagues in a recent study 
claimed that hyperglycemia was not independently asso- 
ciated with increased complications and LOS [18], our 
study revealed significant association with hypocalcae- 
mia and LOS independent to hyperglycemia. It seems 
that it is somehow the reflection of the disease severity 
and not simple the deleterious effect of hyperglycemia as 
it was asserted by Srinivasan and his Co-workers [16]. 

Moreover, like previous studies [16,19], the present 
study investigated the traditional approach of permissive 
hyperglycemia with blood glucose just below the renal 
threshold (180-200 mg/dl) (10-11.11 mmol/L) in critic- 
ally ill patients. It seems that tight glucose control might 



have favorable effects on the outcomes of patients admit- 
ted to intensive care units [18], although this approach 
has been recently y questioned by Klein and his colleagues 
in their large retrospective study [17]. 

The incidence of hypocalcaemia after total thyroidec- 
tomy - transient in the majority of cases - in literature 
oscillates between extremely large limits (from 11.2% to 
35%) [6-8]. Regarding our investigation, we have observed 
a postoperative hypocalcaemia in 43.9% of the cases. 

There is no existing scoring method allowing the iden- 
tification of patients who will not develop severe hypocal- 
caemia. We used early serum calcium levels after total 
thyroidectomy to identify patients with a risk of develop- 
ing significant hypocalcaemia and allowing an early 
discharge. The positive rise of the calcium level after 
total thyroidectomy is a reliable method in 96.2% of cases 
allowing the patient to be discharged with a risk of hypo- 
calcaemia of only 3.8%. Otherwise, the doubt trend gives a 
16.9% margin of risk, making it necessary to conduct 
further hematic measurements in the consequent hours. 

In the case of negative trend, the risk of hypocalcaemia 
is 85.2%. In this case, the decreasing tendency of serum 
calcium level remains an imperfect method but anyway 
the hospital discharge is delayed. Regarding the serum 
calcium measurements used to evaluate the trend, we 
found no statistically significant calcium level at 18 hours 
after surgery. Intra and postoperative intact parathyroid 



Table 4 Distribution of patients according to trend and post-operative condition 



Trend N (%) Normocalcemia Hypocalcemia Hyperglycemia Control N (%) Trend 



Positive 


147 (25.4) 
249 (43.0) 


132 (89.7) 


15 (10.3) 


180 (62.3) 


109 (37.7) 


289 (49.9) 
67 (11.6) 


Positive 


Negative 


183 (31.6) 


37 (14.8) 


212 (85.2) 


38 (56.7) 


29 (43.3) 


223 (38.5) 


Negative 


Doubt 




156 (85.3) 


27 (14.7) 


10 (4.5) 


213 (95.5) 




Doubt 


Total 


579 (100) 


325 (56.1) 


254 (43.8) 


351 (60.6) 


228 (39.4) 


579 (100) 


Total 
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hormones has been embraced with enthusiasm by many 
surgeons as a means to detect patients with the highest 
risk of severe hypocalcaemia, but its major limitation for 
wider clinical use is the cost factor. 

Conclusion 

As demonstrated, the prevalence of hyperglycemia and 
hypocalcaemia in post-thyroidectomy patients is consid- 
erable high. Also, the linear association pattern has been 
shown. However, considering the disease severity, the as- 
sociation of hyperglycemia and hypocalcaemia with sur- 
gical ward indicators of morbidity could not be verified. 
In addition, the interaction of both disturbances did not 
have any synergistic effect on mortality or morbidity. It 
seems that more prospective, randomized multi-center 
trials are needed to consolidate the findings and help 
make more proper judgment. 

Competing interest 

The authors declare that they have r^o competir^g ir^terests. 
Authors' contribution 

All authors read and approved the final manuscript. SWG (wasifgillani@gmail. 
com): principle investigator. DLR (dianalailaramatillah@gmail.com): data 
analysis and variable identification. YOS (yosari_15@yahoo.com): data 
collection and arrangement. MRB (pharma_baig@rediffmail.com): data 
interpretation. SASS (sazhar@usm.my): Project supervisor and content 
evaluation. 

Author details 

^School of Pharmacy, Monash University Malaysia, PO box 46150, Bandar 
Sunway, Selangor, Malaysia. ^Faculty of Pharmacy, UTA' 45, Jakarta, Indonesia. 
^Unit of Clinical Pharmacy & Pharmacy Practice, Dubai Pharmacy College, 
Dubai, United Arab Emirates (UAE). ^School of Pharmaceutical Sciences, 
Univerisiti Sains Malaysia (USM), Penang, Malaysia. 

Received: 16 January 2014 Accepted: 17 March 2014 
Published: 1 April 2014 



9. Australian Endocrine Surgeons Guidelines AES06/01: Postoperative 
parathyroid hormone measurement and early discharge after total 
thyroidectomy: analysis of Australian data and management 
recommendations. ANZ J Surg 2007, 77(4): 199-202. 

10. Tartaglia F, Giuliani A, Sgueglia M, Biancari F, Juvonen T, Campana F: 
Randomized study on oral administration of calcitriol to prevent 
symptomatic hypocalcemia after total thyroidectomy. Am J Surg 2005, 
190(3):424-429. 

11. Pisaniello D, Parmeggiani D, Piatto A, Avenia N, dAjello M, Monacelli M, 
Calzolari F, Sanguinetti A, Parmeggiani U, Sperlongano P: Which therapy to 
prevent pos-thyroidectomy hypocalcemia? G Chir 2005, 26(10):357-361. 

12. Faustino EV, Apkon M: Persistent hyperglycemia in critically ill children. 
J Pediatr 2005, 146:30-34 [156 44818] [doi:10.1016/j.jpeds. 2004. 08.076]. 

13. Gal e SC, Sicoutris C, Reilly PM, Schwab CW, Gracias VH: Poor glycemic 
control is associated with increased mortality in critically ill trauma 
patients. Am Surg 2007, 73:454-460 [17520998]. 

14. Yendamuri S, Fulda GJ, Ti nkoff GH: Admissi on hyperglycemia as a 
prognostic indicator in trauma. J Trauma 2003, 55:33-38 [12855878] 
[doi:l 0.1 097/01 .TA.0000074434.39928.72]. 

15. Finney SJ, Zekveld C, Elia A, Evans TW: Glucose control and mortality in 
critically ill patients. JAMA 2003, 290:2041-2047 [14559958] [doi:10. 10 01/j 
ama.290.15. 2041]. 

16. Srinivasan V, Spinell a PC, Drott HR, Roth CL, Hel faer MA, Nadkami V: 
Association of timing, duration, and intensit y of hyperglycemia with 
intensive care unit mortality in critically ill children. Pediatr Crit Care Med 
2004, 5:329-336 [15215001] [doi:10. 1097/ 01. PCC.OOOOl 28607.68261. 7C]. 

17. Klein GW, Hojsak JM, Schmeidler J, Rapaport R: HypergI ycemia and 
outcome in the pediatric intensive car e unit. J Pediatr 2008, 153:379-384 
[18534209] [doiilO. 1016/ j. jpeds. 2008. 04. 012]. 

18. Corstjens AM, van der Horst IC, Zijistra JG, Groeneveld AB, Zijistra F, Tulleken 
JE, Ligtenberg JJ: Hyperglycaemia in critically ill patients: marker or 
mediator of mortality? Crit Care 2006, 10:216 [16834760] [doi:10. 1 186/ 
CC4957]. 

19. Chernow B, Zaioga G, McFadden E, Clapper M, Kotler M, Bart on M, Rainey 
TG: Hypocalcaemia in critically ill patient s. Crit Care Med 1982, 10:848-851 
[7140332] [doi:10. 1097/00003246-198212000-00008]. 



doi:1 0.1 186/1 755-7682-7-1 3 

Cite this article as: Gillani et al.\ Monitoring of Hypocalcaemia & 
Hyperglycemia predictive consequences of Thyroidectomy. International 
Archives of Medicine 2014 7:13. 



References 



Miccoli P, Minuto MN, Panicucci E, Cetani F, DAgostino J, Vignali E, Picone A, 
Marcocci C, Berti P: The impact of thyroidectomy on parathyroid glands: 
a biochemical and clinical profile. J Endocrinol Invest 2007, 30(8):666-671 . 
Asari R, Passler C, Kaczirek K, Scheuba C, Niederle B: Hypoparathyroidism after 
total thyroidectomy: a prospective study. Arch Surg 2008, 143(2):1 32-1 37. 
Nahas ZS, Farrag TY, Lin FR, Belin RM, Tufano R: A safe and cost-effective 
short hospital stay protocol to identify patients at low risk for the 
development of significant hypocalcemia after total thyroidectomy. 
Laryngoscope 2006, 1 16(6):906-910. 

Rosato L, Avenia L, Bernante P, de Palma M, Gulino G, Nasi PG, Pelizzo MR, 
Pezzullo L: Complication of thyroid surgery: analysis of a multicentric 
study on 14934 patients operated on Italy over 5 years. World J Surg 

2004, 28:271-276. 

Gac EP, Cabane TP, Amat VJ, Huidobro GF, Rossi FR, Rodriguez FF, Ferrada 
VC, Cardemil RF: Incidence of hypocalcemia after total thyroidectomy. 

Rev Med Chil 2007, 135(l):26-30. 

Sciume C, Geraci G, Pisello F, Facella T, Li Voisi F, Licata A, Modica G: 
Complications in thyroid surgery: symptomatic post-operative 
hypoparathyroidism incidence, surgical technique, and treatment. 

Ann Ital Chir 2006, 77(2):1 1 5-1 22. 

Page C, Strunski V: Parathyroid risk in total thyroidectomy for bilateral, 
benign, multinodular goitre: report of 351 surgical cases. J Laryngol Otol 
2007, 121(3):237-241. 

Costanzo M, Caruso LA, Messina DC, Palumbo A, Arcerito MC, Cannizzaro 
MA: Post-thyroidectomy hypocalcemia. Ann Ital Chir 2004, 75(6):623-627. 
discussion 627-628. 



Submit your next manuscript to BioMed Central 
and take full advantage of: 

• Convenient online submission 

• Thorough peer review 

• No space constraints or color figure charges 

• Immediate publication on acceptance 

• Inclusion in PubMed, CAS, Scopus and Google Scholar 

• Research which is freely available for redistribution 



Submit your manuscript at 
www.biomedcentral.com/submit 



(3 BioMed Central 



